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Abstract 
Societal  preferences re la ted  t o  r i s k  acceptance form an important 
input i n to  decisions a f fec t ing  the select ion and deployment of large- 
scale  technological systems. These preferences may be determined 
e i t he r  by psychometric survey techniques or  through the analysis  of 
recorded s t a t i s t i c a l  data. The l a t t e r  method, revealed preferences, 
has been used, most notably by S ta r r ,  t o  derive mathematical re- 
la t ionships  between soc ie ta l  benefit  and technological risk. I n  
t h i s  paper the  merits  of the  revealed preference approach are  
summarized and the va l i d i t y  of the S t a r r  quant i ta t ive  r e s u l t s  i s  
examined. It i s  concluded that  these r e su l t s  are  excessively 
sens i t ive  t o  the  assumptions made and the  handling of data  and 
tha t  the  existence of simple mathematical re la t ionships ,  based 
upon the  revealed preferences method, is unlikely. Plans f o r  
fu r ther  research i n  determining soc ie ta l  preferences a r e  outlined. 
INTRODUCTION 
A s  technological systems have increased i n  s ize  they have 
offered increasingly a t t r ac t i ve  soc ie ta l  benefits, However, with 
t h i s  increase i n  scale the  negative side-effects of technology 
have a l so  become more noticeable - as  re f lec ted  i n  the  environ- 
mental concerns of recent years. Plans fo r  fu r ther  progress 
a r e  of ten being met by a var ie ty  of individual and group demands 
f o r  c loser  examination of the  benef i ts  and r i s k s  of technologies; 
a t t i t u d e s  which regard much that  is innovative as being po ten t ia l ly  
harmful are  being observed, 
Thus decisions involving the  select ion and deployment of 
large-scale technologies have taken on an increased importance, 
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h t h  soc ie ta l  a t t i t u d e s  and ant ic ipated responses forming a vital 
input i n to  decision making. A model i l l u s t r a t i n g  the  importance 
of r i sk  perception and soc ie ta l  preferences i n  t h i s  process has 
been reported i n  an e a r l i e r  publication (Otway, 1975). 
There a r e  bas ica l ly  two methods for  determining pre- 
ference s on the  soc ie ta l  level:  psychometric survey techniques; 
and the  revealed preferences approach, which r e l i e s  upon the  
analysis of recorded s t a t i s t i c a l  data. The l a t t e r  method t r i e s  
t o  extract  from h i s to r i ca l  data  preferences revealed, exp l i c i t l y  
o r  impl ic i t ly ,  i n  past societal- level  decisions and attempts t o  
describe a normative pat t e rn  f o r  these decisions. 
One of the b e t t e r  known applications of the revealed pre- 
ferences approach, as re la ted  t o  technological r i sk s ,  i s  tha t  of 
S t a r r  (1969, 1971, 1974) who, through t h i s  pioneering work, was 
instrumental i n  st imulating i n t e r e s t  i n  the  general f i e l d  of 
applied risk-benefit analysis  and i n  opening new l i n e s  of enquiry. 
The objective of the  S t a r r  work w a s  t o  es tab l i sh  a s e t  of hypo- 
theses and c r i t e r i a  which couldbe  used f o r  national decisions 
regarding the  acceptable l eve l  of r i s k  associated with large- 
scale technological systems. His tor ical  pat terns  (revealed 
preferences) were sought which might suggest broad pr inciples  
fo r  t h i s  purpose and several  basic  mathematical re la t ionships  
between soc ia l  benef i t  and technological r i s k s  were suggested - 
with some qua l i f i ca t ions  a s  t o  t h e i r  va l i d i t y  and the  l i m i -  
t a t i ons  of the  method. These papers have been frequently 
c i ted ,  often with insuf f ic ien t  qual i f icat ion,  with the  quanti- 
t a t i v e  re la t ionships  sometimes appearing t o  be regarded as a 
s e t  of "quasi-laws" describing human behaviour i n  r i s k  s i tuat ions .  
One of our ea r ly  research tasks  w a s  t o  c r i t i c a l l y  review 
methods f o r  the  determination of soc ie ta l  preferences. I n  l i g h t  
of the  inherent l imi ta t ions  found i n  the  method of revealed 
preferences we were struck by the ra ther  neat mathematical r e su l t s  
obtained by S t a r r  through t h i s  approach. This, i n  turn,  l eads  
t o  a more de ta i led  examination of the quant i ta t ive  correla t ions  
themselves. The in ten t  of t h i s  paper i s  t o  summarize some 
l imita t ions  of the  revealed preferences approach (Section I1 ) , 
t o  out l ine  the  r e s u l t s  and methodology of the S t a r r  work 
(Section 111), and, i n  Section I V ,  t o  review basic  premises 
and t o  attempt reproduction of the  resul ts .  Conclusions are  
presented i n  Section V. 
11. REVEALED PREFERENCES - GENERAL COMMENTS 
This approach has the obvious advantage of dealing with 
actual  soc ie ta l  decisions which have been made, exp l i c i t l y  o r  
impl ic i t ly ,  i n  the  r e a l  world and i s  f r e e  from the a r t i f i c i a l i t i e s  
of the  laboratory. However, the  application of t h i s  method re- 
quires  tha t  several assumptions be made which lead t o  the dis- 
advantages summarized below: 
1. Past is Prologue. This i s  the core of the assumption 
tha t  soc ie ta l  a t t i t udes  revealed i n  the past can be 
applied i n  the  future. While t h i s  may be t rue  i n  some 
cases, especial ly  f o r  short  time periods, socie ty  i s  
changing rapidly - precisely because of technological 
development. This assumption i s  open t o  question. 
2. Multiple Determination. Preferences re la ted t o  r i s k  
acceptance are  multiply determined) tha t  is, many 
fac tors  influence a t t i t u d e s  toward risk. It i s  not 
c l ea r  tha t  a l l  are  even known, l e t  alone recorded i n  
the  data  base. 
For example, individual and socie ta l  acceptance of 
r i s k  i s ,  i n  general, predicated upon how r i s k s  a re  
perceived, not by actual  r i s k  leve ls ;  it i s  known t h a t  
man is  a poor i n tu i t i ve  s t a t i s t i c i a n  i n  t h i s  respect 
( ~ l o v i c ,  1971; Murphey and Winkler, 1973). Recorded 
s t a t i s t i c a l  data reveal actual  l eve l s  of r i sk ;  how 
r i sks  and benef i ts  were perceived at the  time cannot 
be re f lec ted  i n  these data, nor can the  socio-psycho- 
logical  mechanisms tha t  determined perception be re- 
corded. 
Raiffa (1968) has pointed out the importance of in- 
format ion quality. People have made the  decisions 
which generated the recorded data on the  basis of 
imperfect information. Decisions made i n  the fu ture ,  
even i f  a l l  other conditions were constant, mw be 
made with be t t e r  o r  worse information and, therefore,  w i l l  
not necessari ly reproduce past outcomes. 
3. Importance of Physical Risks. More spec i f ic  t o  t he  
S t a r  work, which emphasizes physical (especial ly  
mortali ty) - r i s k s ,  is the observation that  these 
r i s k s  do not always play a dominant r a l e  i n  the  
acceptance of a new technology. Risks are  often 
taken fo r  socia l  reasons, such as  prestige,  etc.,  
and i n  the  search f o r  psychic benef i ts  thoughts of 
physical r i s k  may be subordinate t o ,  fo r  example, 
socia l  r isks.  
# 
These points summarize the pr incipal  arguments against using 
the  revealed preferences approach fo r  determining val id  soc i e t a l  
preferences re la ted  to  r i s k  acceptance. However, as mentioned 
e a r l i e r ,  S t a r r  has postulated some basic mathematical re la t ion-  
ships between soc ie ta l  benefit  and technological r i s k  using t h i s  
method; h i s  work w i l l  be summarized i n  the  next section. 
111. SUMMARY OF THE STARR WORK 
I n  t h i s  section the  important points of the S t a r r  conclusions 
w i l l  be repeated and the  methods used i n  t h e i r  derivation reviewed. 
This treatment is necessari ly b r ie f  - readers a r e  encouraged t o  study 
one of the  or ig ina l  papers (Starr ,  1969, 1971, 1974) f o r  a more 
complete exposition. The 1969 paper w i l l  be used f o r  t h i s  discussion 
a s  it  formed the  bas i s  f o r  the l a t e r  work and the  r e s u l t s  were not 
changed appreciably. 
A. The Assumptions 
The S t a r r  work presents 91an approach f o r  es tabl ishing a 
quant i ta t ive  measure of benef i t  r e l a t i ve  t o  cost f o r  an important 
element i n  our spectrum of soc ia l  values - specif ical ly ,  f o r  
accidental  deaths a r i s i ng  from technological developments i n  
public use. The analysis  i s  based upon two assumptions:" 
1. ". . .. tha t  h i s to r i ca l  national accident records a r e  
adequate f o r  revealing consistent pat terns  of f a t a l i t i e s  
i n  the  public use of technology." 
I1 2. ..... t ha t  such h i s to r i ca l l y  revealed soc ia l  preferences 
and cos t s  a r e  su f f i c i en t ly  enduring t o  permit t h e i r  use 
f o r  predictive purposes." 
The above quotes a r e  from the 1969 paper and were paraphrased 
i n  the 1971 and 1974 papers. 
* 
B. The 1969 9'Conclusions'1 
" ( i )  The indicat ions  a r e  t ha t  the  public i s  wil l ing t o  accept 
 voluntary^ r i s k s  roughly 1000 times greater  t ha t  'in- 
voluntary1 risks.  
( i i )  The s t a t i s t i c a l  r i s k  of death from disease appears t o  be 
a psychological yardstick f o r  es tabl ishing the level  of 
acceptabi l i ty  of other r isks.  
( i i i )  The acceptabi l i ty  of r i s k  appears t o  be crudely pro- 
portional t o  the t h i r d  power of the benef i t s  ( r e a l  o r  
imagined) . . . . . II
Y 
Sta r r  d id  not use the  word conclusions i n  d i r ec t  association 
with these relat ionships.  I n  the  1969 paper they appeared i n  
a section headed "Conclusionsw and i n  a l l  th ree  publications 
were ref  erred t o  a s  " in te res t ing  point sN. 
These three  points were repeated, i n  a somewhat di f ferent  
form, i n  the 1971 and 1974 papers. Further points addressing 
the fac tors  influencing public awareness, the acceptabi l i ty  of 
nuclear power and the  significance of natural  haSard r i s k s  
l eve ls  i n  acceptance w i l l  not be discussed here, 
C. The Methodology and Results 
The in ten t  here i s  t o  b r ie f ly  follow through the metho- 
dology and data  presentations used i n  reaching the  points l i s t e d  
above. The f igures  are  presented i n  the same order followed by 
Starr. 
3 1, Risk proportional t o  (benef i t )  . 
There are two basic sources f o r  t h i s  resul t :  mining 
wages and soc ie ta l  a c t i v i t i e s ,  It was noted t ha t  
accident r a t e s  f o r  miners, exposed t o  high occupational 
r i sk s ,  were a function of the wage, roughly the  t h i r d  
power re la t ionship shown i n  Figure 1. 
Risks and benef i ts  were then estimated fo r  several  
voluntary and involuntary soc ie ta l  a c t i v i t i e s  (Figure 2) 
and the  third-power re la t ionship between benefit  and 
r i s k  charac te r i s t i cs  was again sa id  t o  be observed. 
2. Acceptability of voluntary r i s k s  - 1000 timels t ha t  of in- 
volunt ary risks. 
The curves of Figure 2 f o r  voluntary and involuntary 
r i s k s  show an approximate separation of three orders 
of magnitude, thus providing the  basis  f o r  t h i s  point. 
3. The s t a t i s t i c a l  r i s k  of death from disease a s  a psycho- 
logical  yardstick f o r  a c c e p t a b i l i t ~ ,  
Several f igures  were presented (such a s  Figure 3) which 
i l l u s t r a t e d  that  par t ic ipat ion i n  a c t i v i t i e s  (cog., auto- 
motive t rave l ,  commercial aviation) increased as the 
associated r i s k s  decreased, Discussing Figure 3 i t  was 
said:  "It is  i n t e r e s t i ng  t o  note that  the present r i s k  
level  i s  only s l i g h t l y  below the basic level  of r i s k  
from disease. I n  view of the  high percentage of the  
population involved, t h i s  probably represents a t r ue  
soc ie ta l  jud ement on the  acceptabi l i ty  of r i s k  r e l a t ed  
t o  benefit" f Star r ,  1969, 1971, 1974). 
IV. EVALUATION AND REPROWCEXBILITY OF THE STARR RESULTS 
This section w i l l  examine the  va l id i ty  of the foregoing appli- 
cation of the  revealed preferences technique by repeating the  analysis  
outl ined i n  Section 111. C., using the same data base. No changes 
i n  methodology o r  calculation w i l l  be made. 
1. Risk proportional t o  ( b e n e f i t ) j  
a. Mining Wages 
Figure 1 indicated a cubic re la t ionship between miners'wages 
and occupational r isks.  Otway (1973) pointed out t h a t  the  
t o t a l  wage should not be viewed a s  r i s k  compensation; workers 
exposed t o  minimal occupational r i s k  stil l  receive a wage f o r  
basic services. A review of wage scales  f o r  bituminous coal 
mining indicates  tha t  an average compensation f o r  basic 
sertiices i n  1967 was about $ 2.00 per hour (U.S. Dept. of 
Labor, 1967). References i n  wage and salary administration 
(Otis  and Leukart, 1954; National Metal Trades, 1974) indicate  
t ha t ,  i n  es tabl ishing indus t r ia l  wage scales,  job hazard 
accounts a t  most f o r  10 5 of t o t a l  wages. Subtracting $ 2.00 
per hour from the wages of f igure  1 t o  form " r i sk  compensation" 
wages, ind ica tes  an essen t ia l ly  l i nea r  re la t ionship between 
r i s k  and benefit.  Figure 4 shows a comparison between r i s k  
compensation wage and the t o t a l  wage data  of Figure 1 with 
regression l ines .  
A fur ther  review of mining wage data  (u.s. Dept. of Labor, 
1967) indicates  t ha t  wages i n  larger  coal mines were generally 
higher than i n  smaller mines, although the  smaller mines had 
higher accident rates.  This a l so  implies the  e f fec t  of var iables  
other than r i s k  upon wages. 
Connoly and Mamr (1971), using the S t a r r  aggregate wage 
approach, included data  from other mining industr ies  and 
various S t a t e s  of the  USA. With these addit ional data  points 
they concluded tha t  the  I8inf erence of a general t hird-power 
relat ionship,  o r  any re la t ionship,  does not appear t o  be 
justified". 
b, Societal  Act iv i t i es  (~01untarr;y) 
Having gained the impression from the foregoing tha t  a 
third-power re la t ionsh ip  between benefit  and r i s k  does 
not necessari ly ex i s t ,  the  third-power re la t ionship shown 
i n  figure 2 may be investigated. The or iginal  voluntary 
r i s k  data,  taken d i r ec t l y  from Figure 2, a r e  f i t t e d  best 
t o  a regression equation indicat ing r i s k  t o  be proportional 
t o  benefit  t o  the  1.8 power. 
 h he or ig ina l  S t a r r  data  and 
the regression l i n e  a r e  shown i n  Figure 5.) 
c, Societa l  Act iv i t i es  (~nvolunta ry)  
The "involuntary" curve of Figure 2 consis ts  of four  data 
points: motor vehicles, commercial aviation,  e l e c t r i c  power 
and natural  hazards ( ~ t a r r ,  1975). The appendices of the 
Sta r r  papers indicate  t ha t  no benefit  w a s  assigned t o  the 
natural  hazards point, therefore, it w a s  a r b i t r a r i l y  placed 
a1 ong the benef i t  axis. 
Disregarding natural  hazards, a regression l i n e  may be f i t t e d  
t o  the remai ing  or iginal  data. This yie lds  an equation of 
the form R B203 - a s ix th  power re la t ionship fo r  involuntary 
risks.  ( see  Figure 5 ) .  
2. Acceptability of voluntary r i sk s  -1000 times t ha t  of involuntary r isks .  
Although it appears tha t  an element of personal control over 
outcome and the poss ib i l i ty  of avoiding r i s k  exposure (i.e., voluntary 
r i sk  taking) play an important part  i n  r i s k  acceptance, any numerical 
re la t ionship between voluntary and involuntary r i s k  acceptance, based 
upon the S t a r r  data  (shown with f i t t e d  curves i n  Figure 5 ) ,  where the  
re la t ionships  f o r  voluntary and involuntary a c t i v i t i e s  in te rsec t ,  
would seem speculative. 
3. The s t a t i s t i c a l  r i s k  of death from disease as a psychological 
yardstick f o r  acceptability. 
A s  discussed e a r l i e r  (section 111. C. 3) curves such as f igure  
3 were used t o  show that  par t ic ipat ion i n  many a c t i v i t i e s  increased 
as r i s k s  decreased with "a t rue  soc ie ta l  judgement on the acceptabi l i ty  
of r i s k  i n  r e l a t i on  t o  benefit" being reached as part ic ipat ion be- 
came v i r t ua l l y  universal and r i s k  levelled at a value near tha t  t o  
death from natural  causes. 
While t h i s  may be t rue ,  although the mechanism i s  not obvious, 
curves such as Figure 3 do not demonstrate a cause-effect relat ion- 
ship between par t ic ipat ion and risk. S t a r r  did not claim tha t  
cause-effect had been shown but t h i s  impression could be obtained from 
the  figures. Par t ic ipat ion i n  risk-bearing a c t i v i t i e s  i s  multiply 
determined; other var iables  besides r i s k  levels ,  e.g., economic, 
may a l so  influence participation. This century has been a time of 
great socia l  change i n  the  U.S.A., a period of indus t r ia l i za t ion  
and increasing personal wealth. Figure 6 shows, f o r  example, a 
plot  of disposable personal income and par t ic ipat ion i n  automotive 
t rave l  vs. time. It may be observed tha t  i n  the  period when 
automotive par t ic ipat ion increased by a f ac to r  of 7 or  so, personal 
disposable income, i n  constant dol lars ,  increased by a fac tor  of 
about 4. It i s  not unreasonable t o  hypothesize tha t  as incomes 
increased the  automobile was economically within the  reach of more 
people, thus increasing participation. The point here i s  - not t o  
postulate an a l te rna t ive  cause-effect re la t ionship but t o  suggest 
tha t  any hypothesis about par t ic ipat ion i n  such a c t i v i t i e s  being 
strongly influenced by r i s k  leve ls  approaching tha t  from natural  
causes should not be regarded as conclusive. 
4. General Remarks. 
The number of s t a t i s t i c a l  variables recorded i s  l imited and 
it  is,  therefore,  necessary t o  make a number of assumptions i n  
performing such analyses. Using equally reasonable, but d i f fe ren t ,  
assumptions could produce qu i te  di f ferent  results - especially 
with regard t o  Figure 2. This has not been done here; the  or ig ina l  
data  f o r  voluntary and involuntary a c t i v i t i e s  have merely been 
f i t t e d  t o  computer-determined power curves i n  order t o  objectively 
t e s t  the  appropriateness of the  quant i ta t ive  correlations. 
The reader may wish t o  examine some of these or iginal  data  
points i n  d e t a i l  i n  order t o  get an idea of the uncer ta int ies  
introduced through some of the  assumptions necessary to  compensate 
f o r  inadequacies i n  the data  base. For example, the S t a r r  method 
f o r  determining the  soc ie ta l  benefit  of e l ec t r i ca l  power i s  based 
upon the  possible change i n  per capi ta  CNP i f  e l e c t r i c i t y  were not 
available. In  view of the correla t ion between energy consumption 
and GNP, and the  assumption tha t  35 $ of the  energy consumed i n  
the  USA i s  used t o  produce e l ec t r i c i t y ,  S t a r r  assigned a per 
cap i ta  benefit  of about $ 1,000 t o  e l e c t r i c  power (almost 25 $ of 
the U.S. per cap i ta  GNP). An a l te rna t ive  value may be suggested 
through a somewhat d i f fe ren t  approach: The U.S. S t a t i s t i c a l  Abstracts 
(1973) indicate  tha t  the U.S. gross product f o r  "Electr ic i ty ,  Gas 
and Sanitary Services" i s  $ 25,000 million. Even i f  t h i s  were al l  
a t t r i bu t ed  t o  e l e c t r i c i t y  the per capi ta  benefit  would be only 
about $ 100. This i s  not t o  imply tha t  one number or method i s  
correct  and the other  incorrect  - only t o  show tha t  d i f ferent  
assumptions can produce ra ther  large changes i n  the  location of 
data  points. 
E'inally, i t  must be observed that  the  da ta  of Figures 2 and 
5 do not r ea l l y  jus t i fy  the  use of computer-fitted curves which, 
due t o  the l imited number of data  points, are extremely sens i t ive  
t o  a change i n  locat ion of a s ingle  point. Regression analyses were 
used so le ly  t o  obtain an impartial  t e s t  of the cubic relat ion- 
ships which had been postulated. It seems d i f f i c u l t  t o  obtain 
adequate information on a s ign i f ican t ly  large number of soc ie ta l  
a c t i v i t i e s  t o  allow broad generalizations of the type sought by 
Starr .  This appears t o  be another l imi ta t ion  of the  method. 
V. CONCLUSIONS 
It must again be emphasized that  the  intent  of t h i s  paper w a s  
not t o  question the  value of the  S t a r r  work i n  general, but merely 
t o  t e s t  the  va l i d i t y  of quant i f ied risk-benefit corre la t ions  based 
upon the  method of revealed preferences. S t a r r  himself did not 
place a great  deal of s t r e s s  upon the  va l i d i t y  of the  re la t ionships  
themselves - as may be seen by the caveats he qu i te  properly placed 
i n  h i s  papers. Our concern was tha t ,  due t o  encouragement given by 
the  elegant s impl ic i ty  of the  mathematical resu l t s ,  too much re l iance 
is  being placed on h i s to r i ca l  s t a t i s t i c a l  data alone a s  a source of 
revealed socie ta l  preferences. 
It i s  concluded tha t  the  r e su l t s  of t h i s  method appear t o  be 
excessively sensi t ive  t o  the assumptions made and the  handling of 
data; the present existence of any such mathematical risk-benefit 
re la t ionships ,  based upon t h i s  approach, would seem unlikely. 
There i s  c lear ly  some rela t ionship between the benef i t  per- 
ceived t o  be derived from an a c t i v i t y  and the  perceived costs  of 
part icipation.  The re la t ionships  are,  however, not simple mathe- 
matical ones but complicated and strongly influenced by socio- 
psychological mechanisms which a r e  a s  yet  not well understood. 
The research programme of the Joint  IAEA/IIASA Research Project 
includes the expansion of the revealed preferences approach 
using an i t e r a t i v e  process of empirical, multi-variable analysis  
combined with behavioural theories. These analyses w i l l  a lso  
help t o  define inputs t o  a pa ra l l e l  e f fo r t  i n  the design and 
application of psychometric surveys. This research has been 
described i n  an e a r l i e r  publication ( ~ t w a y ,  1975) and i s  directed 
at ident i fying the fac tors  influencing the perception and accept- 
ance of technological r i s k s  i n  order that  soc ie ta l  a t t i t u d e s  and 
anticipated responses m v  be be t t e r  integrated i n to  decision making. 
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FIGURE 2 
Risk vs .  Benefit: Voluntary and Involuntary Exposure  ( S t a r r  1969, 
1971, 1974). 
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FIGURE 3 
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FIGURE 5 
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Disposable Personal Income and Participation Trends for  Motor Vehicles. 
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